Adult T-cell leukemia/lymphoma (ATL) is an aggressive malignancy of mature activated T cells caused by human T-cell lymphotropic virus type I. ATL carries a bad prognosis because of intrinsic chemoresistance and severe immunosuppression. In acute ATL, Japanese trials demonstrated that although combinations of chemotherapy improved response rate, they failed to achieve a significant impact on survival. Patients with chronic and smoldering ATL have a better prognosis, but long-term survival is poor when these patients are managed with a watchfulwaiting policy or with chemotherapy. Recently, a worldwide meta-analysis revealed that the combination of zidovudine and IFN-␣ is highly effective in the leukemic subtypes of ATL and should be considered as standard first-line therapy in that setting. This combination has changed the natural history of the disease through achievement of significantly improved long-term survival in patients with smoldering and chronic ATL as well as a subset of patients with acute ATL. ATL lymphoma patients still benefit from chemotherapy induction with concurrent or sequential antiretroviral therapy with zidovudine/IFN. To prevent relapse, clinical trials assessing consolidative targeted therapies such as arsenic/IFN combination or novel monoclonal antibodies are needed. Finally, allogeneic BM transplantation should be considered in suitable patients. (Blood. 2011;118(7): 1736-1745)
Introduction
Adult T-cell leukemia-lymphoma (ATL) is an aggressive lymphoid proliferation associated with the human lymphotropic virus type I (HTLV-I). 1,2 ATL usually occurs in people from HTLV-I-endemic regions, such as southern Japan, the Caribbean, Central and South America, intertropical Africa, Romania, and northern Iran. [3] [4] [5] [6] HTLV-I causes transformation and clonal expansion of T cells, resulting in ATL in approximately 1%-4% of the estimated 10-20 million infected hosts, with a mean latency period of Ͼ 50 years. 3, 5, 7 
Pathogenesis
The serum of patients with ATL contains antibodies to HTLV-I, and the HTLV-I provirus is clonally integrated in most of the cases in the CD4 ϩ CD25 ϩ -activated T lymphocytes, which are the leukemic flower cells characteristic of ATL. The exact mechanism of HTLV-I-induced leukemogenesis is not fully elucidated, although HTLV-I infection appears to represent the first event of a multistep oncogenic process. 8 Oligoclonal expansions of HTLV-I-infected T cells result from expression of the viral transactivator protein Tax, which activates the viral promoter and various cellular genes, and also creates an autocrine loop involving IL-2, IL-15, and their cognate receptors. [9] [10] [11] [12] Tax changes many cellular pathways, including activation of cAMP response element binding protein or cAMP-dependent transcription factor, adaptor-related protein complex 1, and NF-B; up-regulation of antiapoptotic proteins; repression of p53, DNA polymerase ␤, proliferating cell nuclear antigen, and the mitotic spindle-assembly checkpoint protein MAD1; and disruption of several cell-cycle regulators, including cyclins and inhibitors of cyclin-dependent kinases. 8, [13] [14] [15] [16] [17] [18] [19] [20] [21] Recent findings indicate that Tax posttranslational modifications, namely ubiquitylation and SUMOylation, are critical for the intracellular localization of Tax and for the constitutive activation of the NF-B pathway. [22] [23] [24] [25] Finally, Tax also affects the microenvironment by inducing angiogenesis and gap junctions-mediated communication between infected cells and endothelial cells, hence facilitating the extravasation and invasiveness of ATL cells 26, 27 as well as the synthesis of TGF␤ and inhibition of TGF␤ signal transduction in infected cells. 28 On the basis of these multiple effects, Tax was proposed to be an oncogene in ATL, but the fact that Tax protein expression is undetectable in circulating ATL cells has led to significant controversies. 29 Indeed, freshly isolated ATL cells express a low level of HTLV-I antigens and transcripts, 30-32 but a few hours after in vitro culture, in most cases viral mRNA and viral proteins begin to be detected. This lack of HTLV-I expression in vivo may be because of the existence of a viral reservoir outside the blood compartment or to a transient or low-level expression of the Tax protein undetectable by Western blot. Another possibility is the rapid destruction by the immune system of cells expressing HTLV-I proteins at the cell surface.
Secondary events after HTLV-I infection are probably more involved in the leukemia progression than in the leukemogenesis itself. These include multiple and nonspecific chromosomal abnormalities, 33 as well as the mutation or deletion of tumor suppressor genes, such as p53 or p15 INK4B /p16 INK4A , which are found in 30%-50% of ATL cases and associated with clinical subtypes and prognosis. 34 In addition, end-to-end chromosomal fusions and shortened telomeres frequently are detected in ATL cells, which might be the result of a decrease in human telomerase expression in the early stages of transformation. 35, 36 Importantly, recently authors have shown that Tax expression in the T cells of transgenic mice or in human CD34 ϩ stem cells induces leukemia with striking ATL-like features, [37] [38] [39] Alternatively, after a set of mutations that mimic Tax activity, cells may escape the immune surveillance by deleting Tax. This subset of mutations may define the different behavior of transformed cells (eg, chronic vs acute subtype; leukemia vs lymphoma subtypes). Recently, the expression of the HTLV-1 bZIP factor gene (HBZ), an antisense mRNA transcribed from the 3Ј LTR, has been shown to be consistently present in ATL cells. 41 Thus, HBZ might have a role in cellular transformation and leukemogenesis. Indeed, HBZ expression correlates with provirus load, and the HBZ gene has growth-promoting activity in vivo and in vitro, demonstrating that this gene is critical for ATL cells even at the late stage of leukemogenesis. 42 
Clinical presentation and classification
The most recent World Health Organization lymphoma classification lists ATL as a peripheral T-cell lymphoma. 43 The diversity in clinical features and prognosis of patients with ATL has led to its subclassification into the following 4 subtypes according to the Shimoyama classification: smoldering, chronic and acute leukemic forms and ATL lymphoma. 44 A borderline state between healthy carriers of HTLV-I and ATL patients has been described and named pre-ATL. 9 This phase is asymptomatic and characterized by the presence of abnormal peripheral blood lymphocytes demonstrating the morphology of ATL cells. Pre-ATL can either disappear spontaneously or progress to 1 of the 4 clinical forms of the disease.
"Aggressive ATL": acute and lymphoma subtypes
When ATL presents aggressively, it is either caused by a leukemic presentation referred to as "acute ATL" (60% of all cases) or in patients who present with lymph node enlargement in the absence of peripheral blood involvement (Ͻ 1% of leukemic cells in the peripheral blood) and referred to as "lymphomatous" ATL (20% of all cases). 45 These 2 forms are characterized by massive lymphadenopathy, which generally spares the mediastinum, hepatosplenomegaly, lytic bone lesions, and multiple visceral lesions with skin, gastrointestinal, and lung infiltration. 45 Signs and symptoms related to hypercalcemia, such as renal dysfunction or neuropsychiatric disturbances, may be prominent among the presenting clinical features. In the acute variant, approximately 70% of patients will develop hypercalcemia at some point, and the extent of hypercalcemia is frequently severe. 46 ATL patients are functionally immunocompromised and may develop a variety of opportunistic infections, including cytomegalovirus or Pneumocystis carinii pneumonias, malignant strongyloidiasis, disseminated cryptococcosis or toxoplasmosis, disseminated fungal infections, as well as bacterial abscesses and sepsis. 45, 47, 48 
Smoldering and chronic subtypes
Smoldering ATL is characterized by skin or lung infiltration without any other visceral involvement, a low number of leukemic cells (1%-5% abnormal peripheral blood lymphocytes), and a normal leukocyte count. In chronic ATL, a high leukocyte count is observed that is associated with a tumor syndrome (lymphadenopathy and hepatosplenomegaly). However, there is no associated hypercalcemia or infiltration of the CNS, gastrointestinal tract, or bones, and the lactate dehydrogenase level is normal or only slightly increased (less than twice the upper limit of normal). The chronic form is subgrouped into favorable and unfavorable, the latter is defined by low serum concentration of albumin, high level of lactate dehydrogenase, or high serum urea concentration, as well as high expression of Ki-67 antigen. 49, 50 Diagnosis of smoldering and chronic ATL is typically made after several months of follow-up without treatment. 44 
Pitfalls from the Shimoyama classification
This classification has been extremely useful for the standardization and comparison of the outcome of Japanese patients with those in the other countries, although there are no prospective studies in which authors address this issue. However, 2 important pitfalls remain to be addressed. First, lymphoma subtype is defined by the presence of Ͻ 1% circulating abnormal lymphocytes, leading to the classification of patients with aggressive presentation and Ͼ 1% circulating abnormal lymphocytes as acute ATL, even when the patients have bulky lymph nodes or visceral disease. Recent findings suggest that these patients behave as if they have ATL lymphoma rather than acute ATL because they do not respond to antiviral therapy alone (see "Antiviral therapy"), which may suggest that the incidence of ATL lymphoma may be greater. Second, confusion persists whether patients with isolated circulating abnormal lymphocytes (Ͼ 5%) should be classified as smoldering ATL because recent data from the United Kingdom suggest that these patients have an excellent long-term survival, 51 contrary to smoldering ATL patients with skin or lung infiltration. 52 
Diagnostic workup
The diagnosis of ATL is determined by a combination of the characteristic clinical presentation, morphologic and immunophenotypic features of the malignant cells, along with confirmation of HTLV-I infection. 53 There are no pathognomonic clinical features that clearly distinguish ATL from other diseases.
Tumor cells characteristics
ATL tumor cells are detected in peripheral blood in cases of acute, chronic, or smoldering type with leukemic manifestations or from biopsy of involved organs in ATL lymphoma. An excisional-biopsy is recommended in ATL lymphoma. The histologic features of lymph nodes in ATL may be indistinguishable from those of other peripheral T-cell lymphomas. 54, 55 At least 5% of circulating abnormal T lymphocytes is required to diagnose ATL in patients without histologically proven tumor lesions. 44 These tumor cells, also termed "flower cells" or "clover leaf" and considered pathognomonic of ATL, may display 5 common morphologic subtypes: malignant-activated lymphocytes with convoluted nuclei, condensed chromatin, small or absent nucleoli, and basophilic cytoplasm. 45 Many other cytologic variants (large cells, immunoblastic and anaplastic cells, Sézary-like cells) may also be observed. These cells express the surface T-cell lymphocytic markers CD2, CD4 and CD5, CD45RO, CD29, T-cell receptor ␣␤, and are usually negative for the CD7, CD8, and CD26 and show reduced CD3 expression. The lymphocytic activation markers HLA-DP, DQ, DR, and IL-2R␣ (CD25) are always present, 45 whereas terminal deoxynucleotidyl transferase is typically absent. Rare immunophenotypic variants (CD4 Ϫ , CD8 ϩ , double-positive or double-negative variants) were reported. [56] [57] [58] Overall, the minimal required panel for ATL diagnosis includes CD3, CD4, CD7, CD8, and CD25. No specific chromosomal abnormalities have been associated with ATL. Typically, the karyotype of ATL cells usually demonstrates multiple nonspecific abnormalities, including trisomy 3 or trisomy 7, involvement of chromosomes 6 and 14, and loss of chromosome X. 33 These karyotypic abnormalities are more common and complex in the acute and lymphoma types compared with the chronic type.
HTLV-I infection
HTLV-I serology is always positive, although some seronegative typical ATL cases have been described. Confirmation of ATL diagnosis relies on Southern blot analysis or inverse PCR, which show clonal integration of the HTLV-I provirus within tumor cells (peripheral leukemic cells or involved organ biopsies). 59 As stated previously, the differential diagnosis is sometimes difficult between smoldering ATL with no tumor syndrome and asymptomatic healthy carriers of HTLV-I. In both cases, abnormal lymphocytes (flower cells) can be observed on the blood smear, but clonal integration of HTLV-I by Southern blot can only be demonstrated in ATL.
Staging
The BM aspiration may show infiltration by lymphocytes with the same morphologic features to those in the blood; the trephine biopsy may show the same with variable degrees of involvement. Staging of ATL requires computed tomography scans of neck, chest, abdomen, and pelvis to detect nodal and extranodal lesions and potential opportunistic infections. Upper gastrointestinal tract endoscopy is frequently performed because the gastrointestinal tract is frequently involved in aggressive ATL. 60 Similarly, CNS evaluation by radiologic imaging and/or lumbar puncture should be considered in patients with aggressive ATL to detect cerebral or meningeal infiltration by ATL cells or opportunistic infection.
Response criteria
Uniform response criteria are mandatory to ensure interpretation of clinical trials, particularly because of the heterogeneous clinical presentation of ATL. Complete remission (CR) is defined as a normalization of the complete blood count associated with a disappearance of all measurable tumors. The effect has to last for at least 1 month. However, patients with a persistence of Ͻ 5% of atypical lymphocytes are considered in CR because this situation may be observed in healthy carriers of HTLV-I. Patients who achieve CR with persistence of Ͼ 5% of atypical lymphocytes are considered in very good partial response. Partial response is defined as a decrease of Ͼ 50% in the number of leukemic cells and in the size of all measurable tumors. The effect has to last for at least 1 month. No response is defined as Ͻ 50% decrease in the number of leukemic cells or in the size of any measurable tumor or as disease progression. Patients who meet the CR or partialresponse criteria but with the effect lasting Ͻ 1 month are classified as nonresponders. 53 
Treatment options
The treatment of ATL is usually dependent on the ATL subtype. Patients with aggressive forms (acute and lymphoma) have a very poor prognosis because of intrinsic chemoresistance, a large tumor burden, hypercalcemia, and/or frequent infectious complications because of profound immune deficiency. 2, 44, [61] [62] [63] In multiple Japanese trials in aggressive ATL, Japanese investigators clearly demonstrated that although combinations of chemotherapy, in particular those designed for treatment of aggressive non-Hodgkin lymphomas or acute lymphoblastic leukemia, have improved the response rates, particularly in ATL lymphoma, they failed to achieve a significant impact on long-term survival. Patients with indolent ATL (chronic or smoldering subtypes) have a better prognosis. However, recent data from Japanese showed poor long-term results when these patients are managed with a watchfulwaiting policy until progression or with chemotherapy. 52 
Conventional chemotherapy
The different clinical trials performed in Japan between 1978 and 1983 (protocols LSG1-VEPA and LSG2) demonstrated that firstgeneration polychemotherapy containing doxorubicin (CHOP type, ie, cyclophosphamide, hydroxydaunorubicin, oncovin (vincristine), and prednisone has little impact in ATL, especially in the acute type. Only a 16%-36% CR rate was achieved. The secondgeneration Japanese protocols (LSG4) consisting of alternating treatment with 3 different combinations of polychemotherapies (VEPA-B/M-FEPA/VEPP-B), obtained an important increase in the CR rate (up to 42%) compared with CHOP-like regimens. However, early relapses still occur, and 4-year overall survival still remains Ͻ 10%. The rate of CR was significantly greater in the lymphoma type than in the acute ATL, but long-term survival was identical. This poor prognosis has also been reported in studies originating from outside Japan, with resistance to or early relapse after intensive polychemotherapy. 64 However, these studies supported the notion that CR rate and disease-free survival were relatively dependent on dose intensity.
Taguchi et al 65 reported the results of intensive induction therapy supported by G-CSF in 81 ATL patients (44 acute form and 37 lymphoma type). The CR and response rates were 35.8% and 74.1%, respectively, but most patients relapsed and eventually died after a median survival of 8.5 months. In another phase 2 Japanese trial, 50 96 previously untreated ATL patients (58 acute type, 28 lymphoma type, and 10 chronic type) received intensive multiagent chemotherapy induction supported by G-CSF. The CR rate was 35.5% and the median survival was 13 months. However, the CR rate was directly dependent on the ATL type (19.6% for the acute form, 66.7% for the lymphoma type, and 40% for chronic form) and accordingly, patients with lymphoma survived longer. 50 New-generation cytotoxic agents such as deoxycoformycine, a nucleoside analog, [66] [67] [68] irinotecan hydrochloride (CPT-11), an inhibitor of topoisomerase I, 69 and MST-16, an inhibitor of topoisomerase II, 70 have also been tested in pilot phase 2 studies in refractory or relapsed ATL patients, but results have been uniformly disappointing.
More recently, a phase 3 study in Japan demonstrated that the LSG15 regimen consisting of VCAP (vincristine, cyclophosphamide, doxorubicin, prednisolone), AMP (doxorubicin, ranimustine, prednisolone), and VECP (vindesine, etoposide, carboplatin, prednisolone) is superior to biweekly CHOP in newly diagnosed acute, lymphoma, or unfavorable chronic ATL. The CR rate and 3-year overall survival were greater in the intensive arm (40% vs 25%) and (24% vs 13%), respectively, but the median survival of 13 months remains disappointing.
The poor prognosis of ATL after chemotherapy is probably the consequence of several factors. The cellular immune deficiency observed at early stages of the disease may be exacerbated by chemotherapy, leading to a high frequency of opportunistic infections. Overexpression of the multidrug resistant gene 71, 72 
Monoclonal antibodies
Monoclonal antibodies against IL-2 receptor have been used, particularly in patients with relapsed or refractory ATL, and the achievement of a good response is rare. 74, 75 The use of monoclonal antibody against CD52 (alemtuzumab) has demonstrated good results, but the experience is scanty and limited to case reports. 76, 77 Interestingly, some responders to alemtuzumab had mutated p53 (as observed in CLL) and were resistant to antiretroviral therapy. 76, 77 However, response duration was quite limited, and this therapy is associated with a significant risk of opportunistic infections, particularly CMV reactivation. Interestingly, cells from patients with acute ATL have greater expression of the transferrin receptor than patients with chronic forms and also elicit a better response to a monoclonal antibody (A24) directed against this receptor. 78,79 CC chemokine receptor 4 (CCR4) is a chemokine receptor expressed on T-helper type 2 and regulatory T cells. KW-0761, a nextgeneration humanized anti-CCR4 mAb, was recently reported to be tolerable with potential efficacy against relapsed CCR4-positive ATL. 80 Finally, promising results were reported with siplizumab (MEDI-507 anti CD2 monoclonal antibody) in a preclinical murine model of ATL. 81 Overall, monoclonal antibodies may be used as single agents in the chronic and smoldering forms, and trials are needed to define their role in combination therapies with chemotherapy in the lymphoma form or with antiretroviral therapy in the acute form.
HSC transplantation
Reported series about HSCT originate from one geographic location, that is, Japan. High-dose chemotherapy and autologous HSCT has been reported in only a few ATL patients. 82, 83 All patients relapsed or died from transplantation-related mortality, and this treatment strategy is not generally recommended.
The initial case reports on the use of allogeneic HSCT in the treatment of ATL suggested potential efficacy but revealed a high toxicity and transplantation-related mortality up to 40% in these immunocompromised patients. The authors of several retrospective studies have confirmed that allogeneic HSCT with the use of either myeloablative conditioning [84] [85] [86] or reduced-intensity conditioning 87 conditioning as a promising treatment option for ATL patients. In a recent large nationwide Japanese retrospective report, investigators compared outcomes of 386 patients with ATL who underwent allogeneic HSCT. 88 After a median follow-up of 41 months, 3-year overall survival for entire cohort was 33%. Among patients who underwent related transplantations, donor HTLV-I seropositivity adversely affected disease-associated mortality.
The number of ATL patients eligible for allogeneic transplantation is quite limited because of older age at presentation (Ͼ 60 years), the poor performance status, the severe immunosuppression, and the low rate of CR, especially in the acute form. In addition, the limited numbers of ethnic minorities donors in BM transplantation registries limit access to this procedure. In addition, the reduced functional immunologic competence in these patients needs to be borne in mind in selection for allogeneic procedures.
Antiviral therapy
An important advance in the treatment of ATL was initially reported in 2 preliminary phase 2 studies with the combination of an antiretroviral agent zidovudine (AZT) and IFN-␣. [89] [90] [91] In these 2 studies, a high response rate was observed, particularly in patients with previously untreated acute ATL. However, lower response rates were then described in the United States when a AZT/IFN combination was used in heavily pretreated patients. 92 However, the efficacy of this combination was confirmed in a French trial in which the authors used AZT/IFN in 19 newly diagnosed ATL patients, 93 and in a clinical trial in the United Kingdom in which the authors used AZT/IFN in 15 ATL patients. 94 In a recent prospective phase 2 study in the United States, 19 patients with ATL received infusional chemotherapy (EPOCH regimen, ie, etoposide-vincristine-doxorubicin-cyclophosphamide-prednisone) until maximal response, followed by antiviral therapy with daily AZT, lamivudine, and IFN. 95 However, because of disease progression, only 6 patients received antiviral therapy. 95 Finally, a retrospective analysis in Martinique revealed a significant increase in ATL survival after 1995, when antiviral therapy was introduced. 96 To assess the global impact of this innovative treatment strategy on long-term survival of ATL patients and its role in routine clinical practice, we recently performed a worldwide meta-analysis on ATL survival since 1995. In this study, we compared different treatment strategies for ATL, namely antiviral therapy alone, chemotherapy alone, and chemotherapy followed by maintenance antiviral therapy in 254 ATL patients treated in the United States, the United Kingdom, Martinique, and continental France (116 acute ATL, 18 chronic ATL, 11 smoldering ATL, and 100 ATL lymphoma). Five-year overall survival rates were 46% for 75 patients who received first-line antiviral therapy, 20% for 77 patients who received first-line chemotherapy, and 12% for 55 patients who received first-line chemotherapy followed by antiviral therapy. 97 Patients with acute, chronic, and smoldering ATL significantly benefited from first-line antiviral therapy, whereas patients with ATL lymphoma had a better outcome with chemotherapy. In acute ATL, first-line antiviral therapy alone resulted in a significant survival advantage (5-year overall survival [OS] of 28%) compared with first-line chemotherapy with or without maintenance antiviral therapy (5-year OS of 10%). Achievement of CR with antiviral therapy resulted in 82% 5-year survival. In chronic and smoldering ATL, antiviral therapy resulted in 100% 5-year survival. In ATL lymphoma, first-line antiviral therapy resulted in a significant survival disadvantage (median and 5-year OS of 7 months and 0%, respectively) compared with first-line chemotherapy with or without maintenance antiviral therapy (median and 5-year OS of 16 months and 18%, respectively). 97 Finally, a multivariate analysis confirmed that first-line antiviral therapy significantly improves overall survival of ATL patients (hazard ratio 0.47; 95% confidence interval 0.27-0.83; P ϭ .021). Published literature on antiviral therapy for ATL is summarized in Table 1 . 89, 90, [92] [93] [94] [96] [97] [98] [99] [100] [101] Watch-and-wait policy for indolent ATL As reported previously, patients with smoldering or chronic ATL subtypes have a better prognosis than those with aggressive variants of ATL. 44 Therefore, these 2 ATL subtypes were considered indolent and were usually managed with a watchful-waiting policy until disease progression or with chemotherapy when poor prognostic factors were identified. 53 However, a recent Brazilian study in which patients with ATL were followed on an expectant policy for 14 years, the reported median survival of chronic and smoldering types was only 18 months and 58 months, respectively, and the OS rates were Ͻ 20% at 5 years in both types. 102 In another recent Japanese study with longer follow-up period, the authors confirmed that that indolent ATL had a poor prognosis: patients with smoldering ATL had an estimated 15-year survival rate of 12.7% with a median survival of 2.9 years, whereas patients with chronic ATL had an estimated 15-year survival rate of 14.7% with a median survival of 5.3 years. 52 Importantly, in this study, patients who received chemotherapy had a significantly lower survival compared with patients treated on a watch-and-wait policy. 52 
Arsenic trioxide
We have demonstrated that arsenic trioxide synergizes with IFN to induce cell-cycle arrest and apoptosis in HTLV-I-infected and freshly isolated leukemia cells from ATL patients 103 through rapid shut-off of the NF-B pathway and a delayed shut-off of cell-cycleassociated genes, secondary to Tax degradation by the proteasome. [104] [105] [106] In a phase 2 trial of arsenic/IFN combination in 7 patients with relapsed/refractory ATL, 98 authors demonstrated 1 complete remission and 3 partial remissions, and 1 patient is still alive and disease free at 7 years 98 (O.H., unpublished observations, July 1, 2010). In a recent prospective phase 2 study, we investigated the efficacy and safety of the combination of arsenic, IFN, and AZT in 10 newly diagnosed chronic ATL patients. 99 An impressive 100% response rate was observed, including 7 CR, 2 CR but with Ͼ 5% circulating atypical lymphocytes, and 1 partial response. Side effects were moderate and mostly hematologic. Finally, we recently demonstrated that arsenic and IFN cooperate to cure murine ATL derived from Tax transgenics 107 through selective eradication of leukemia-initiating cell (LIC) activity. This finding strongly suggests that LIC activity is dependent on continuous Tax oncogene expression. Hence, the addition of arsenic to AZT/IFN, through elimination of LIC activity, may result in long-term disease eradication and potential cure. In that sense, although patients treated with arsenic/IFN/AZT combination received a suboptimal 5-days-per-week treatment, 3 of 6 patients remained in continuous complete remission for 7-18 months after discontinuation of maintenance therapy, whereas 5 patients with chronic ATL previously treated with IFN/AZT alone all relapsed, on average before 5 months. 107 Similarly, in an ongoing trial of ATL lymphoma patients, ie, maintenance therapy with arsenic/IFN after complete remission with chemotherapy, resulted in all assessable patients remaining in complete remission for 23-44 months, a distinctly uncommon finding in these diseases (F.S., unpublished data, March 2011). Although preliminary, these observations nevertheless suggest that also in ATL patients arsenic/IFN efficiently targets ATL LIC activity and may be useful as a consolidation therapy for those patients achieving a satisfactory response to induction therapy.
How I treat ATL Chronic and smoldering ATL
Although patients with chronic and smoldering ATL have a better prognosis compared with patients with acute ATL and ATL lymphoma, long-term survival is dismal when these patients are managed with a watchful-waiting policy until their disease progresses. 52 Moreover, patients who received chemotherapy alone had even a poorer outcome, indicating that this may be detrimental in these subtypes. So far, no clear prognostic factors have been able to define those in the chronic/smoldering group at high risk of transformation to the aggressive forms of the disease and who would benefit from more aggressive or alternative treatment strategies earlier.
Therefore, all patients with chronic and smoldering ATL should be treated, but not with chemotherapy. In the recent worldwide meta-analysis on ATL survival since 1995, patients with chronic/ smoldering ATL who received first-line antiviral therapy only had an excellent survival (100% OS beyond 5 years). Thus, outside the context of clinical trials, the current standard therapy of chronic and smoldering ATL is combination therapy with AZT and IFN ( Figure 1 ). However, this requires continuous therapy because relapse always occurs when treatment is stopped. The recommended starting dose is AZT 900 mg/d (in 3 divided doses) and IFN-␣ (5-6 million IU/m 2 /d). Usually, after 1 month, AZT dose can be titrated down to 600 mg/d in 2 divided doses, and the IFN dose can be reduced to 3-5 million IU/d or alternatively 1.5 g/kg of pegylated IFN weekly. The addition of other antiretroviral agents, such as 3TC (lamivudine) or zalcitabine, has been tested by several centers. However, no clinical evidence of added benefit was demonstrated. On the basis of the preclinical data, 103, 104, 106, 107 investigators from clinical trials are testing the effect of adding arsenic to the AZT/IFN combination as a consolidation therapy with the aim of then stopping therapy and achieving cure by potential elimination of leukemia-initiating cells.
ATL lymphoma
First-line antiviral therapy is less effective than first-line chemotherapy in ATL lymphoma. 97 Thus, chemotherapy should be the preferred option for patients with ATL lymphoma. However, recent unpublished results from the United Kingdom report that the combination of antiviral therapy with CHOP chemotherapy is superior to CHOP alone in patients with ATL lymphoma, suggesting that the combination of chemotherapy and AZT/IFN should be the preferred front-line therapy in ATL lymphoma patients. 108 On the basis of Japanese studies, state-of-the-art chemotherapy for ATL lymphoma (Figure 1 ) seems to be the LSG15 protocol if patients have adequate accessibility to a clinic for weekly intravenous chemotherapy for 6-8 months supported by daily G-CSF. 50 When treated with this LSG15 protocol, ATL lymphoma patients achieved a better CR rate (66.7%) than acute type (19.6%) or chronic type (40.0%) patients. 50 It does appear that dose intensification effect does exist as increased overall response rates are observed in ATL lymphoma patients, although the effect on long-term survival is less encouraging. However, this observation of increased response rate is important because other ways of achieving this, such as the addition of AZT/IFN or other novel therapies to chemotherapy, also may achieve this and provide an adequate initial disease response for subsequent consolidative treatment approaches. After recent encouraging results mainly from Japan, allogeneic HSCT is recommended for young patients with ATL lymphoma and matched donor. Finally, on the basis of preclinical data, 103, 104, 106, 107 ongoing clinical trials are testing the efficacy of 2 cycles of arsenic/IFN maintenance as a consolidation procedure after achievement of CR with encouraging preliminary results (F.S., O.H., unpublished data, March 2011).
Acute ATL
Combination chemotherapy regimens have little effect in acute ATL. 2, [61] [62] [63] 109 Even with the most promising regimen (LSG-15), on which acute ATL patients survived 10.9 months, it is difficult to judge whether this approach should be adopted, when it is known that renal dysfunction was an exclusion criterion and no patients with severe hypercalcemia were included. 50 Monoclonal antibodies, which might be useful as single agents in the chronic and smoldering forms of ATL, are still untested clinically in the acute form and have yet to be tested in combination therapy treatment strategies ie combined with chemotherapy.
In the recently published meta-analysis on antiviral therapy for ATL, the treatment of acute ATL patients with AZT and IFN resulted in greater response rates and significantly prolonged survival. 97 Thus, outside the context of clinical trials, the current standard therapy of acute ATL is combination therapy with AZT and IFN (Figure 1 ), but it should be noted that only achievement of a CR is associated with a long-term response. It would be helpful to predict which patients in the acute setting will benefit from this approach. Preliminary results indicate that patients with wild-type p53 are the patients who do. 110 We therefore recommend testing for this while treatment is initiated. However, long-term disease control requires continuous therapy because relapse is always noted when treatment is stopped. The recommended starting dose is AZT 900 mg/d (in 3 divided doses) and IFN-␣ (5-6 million IU/m 2 /d). Usually, after 1 or 2 months, AZT dose can be reduced to 600 mg/d in 2 divided doses, and IFN dose can be reduced to 3-5 million IU/d.
However, despite a significant survival advantage of the AZT/ IFN combination, most patients with acute ATL eventually relapse and die. In patients who do not achieve CR, salvage chemotherapy is not effective, and hence, additional novel targeted therapies are warranted. Identification of predictive factors for CR and prolonged survival with first-line antiviral therapy is therefore critical to optimize the use of this treatment modality. Preliminary data indicate that patients with p53 mutation 110 and/or IRF4 overexpression 100 have a lower response rate to AZT/IFN. These findings need confirmation in larger studies. After recent encouraging results, allogeneic HSCT is recommended for young patients with acute ATL and matched donor. Finally, on the basis of preclinical data, 103, 104, 106, 107 ongoing clinical trials are testing the efficacy of arsenic/IFN maintenance after the achievement of CR with encouraging preliminary results (F.S., O.H., unpublished data, March 2011).
Supportive therapy in ATL
Hyercalcemia associated with aggressive ATL should be managed with treatment of the disease, hydration, and bisphosphonate therapy. Trimethoprim-sulfamethoxazole, valacyclovir, and antifungal agents are recommended for the prophylaxis of Pneumocystis jiroveci pneumonia, viral, and fungal infections, respectively, in the Japanese trials. 111 Prophylaxis with anti-Strongyloides agents, such as ivermectin or albendazole, should be considered to avoid systemic infection in patients with a history of past and/or present exposure to the parasite. Intrathecal prophylaxis should be considered for patients with aggressive ATL, even in the absence of clinical symptoms because more than half of relapses at new site after chemotherapy are in the central nervous system. 
Conclusion
The combination of AZT and IFN is highly effective in the leukemic subtypes of ATL and should be considered as standard in first-line therapy in that setting. This combination has clearly changed the natural history of the disease through achievement of a significantly improved long-term survival in patients with smoldering and chronic ATL as well as a subset of patients with acute ATL. 97 However, for the combination of AZT and IFN to be effective, it is mandatory (1) to use it in leukemic forms of the disease as first-line therapy and not after one or more cycles of chemotherapy; and (2) to start with high doses of both agents because reduced doses are often not effective. Patients with ATL lymphoma may benefit from initial induction therapy on the basis of aggressive chemotherapy regimen in addition to or followed by antiretroviral therapy with AZT/IFN, and this approach should be tested in future clinical trials. Prophylaxis of opportunistic infections and supportive therapy are mandatory. To prevent the occurrence of resistance and relapse, clinical trials assessing additional targeted therapies such as arsenic/IFN combination or monoclonal antibodies, particularly the promising anti CCR4 antibodies, are mandatory after achieving CR. Finally, allogeneic BMT by the use of conventional or nonmyeloablative conditioning should be considered in suitable patients. 
